Inventory Management has emerged as one of the important tools to improve operational efficiency over the last 30-40 years across the globe. Japanese companies such as Toyota pioneered lean manufacturing, which emphasizes on the need to maintain low inventory levels across the supply chain through practices like JIT, Kanban and vendor managed inventory etc. Anecdotal evidence suggests that, inventory levels in general have been falling in the Indian manufacturing industries too in the recent past. The Japanese influence on the Indian manufacturing industry began with the entry of Suzuki into the Indian automobile industry in mid eighties. Since then, the principles of lean manufacturing have permeated across many industries, especially the automotive sector in India. However, there is scant empirical research in the literature that documents the inventory trends and the determining factors in India. The current study aims at filling this gap through a comprehensive inventory trend analysis in the Indian automotive industry during the 14 year period 1992-2005 with an objective to determine the inventory trends and identify the influencing factors. We use advanced econometric models to study the impact of various factors, such as the firm's cluster, tier, export and import intensity on inventory levels. The study finds that average inventory has been steadily declining, with all three inventory components, viz., raw material, work-inprocess and finished goods inventory contributing to this decline. The results suggest that the efficient working capital management and the quality improvement efforts of Tier 1 firms have been one of the major contributions to the decline in average inventory levels in the Indian auto industry.
Introduction
Inventory reduction is touted to be one of the key strategic levers to improve productivity and profitability of the firm in theory and practice (Lieberman and Demeester 1999, Chen et al, 2005) . Popularized by the Japanese manufacturing firms, such as Toyota, who attributed their success at home and away to the adoption of Just in Time (JIT) and lean manufacturing practices, inventory reduction became one of the primary means to achieve operational excellence for many world class firms across the globe since 1970's (Zipkin 1991, Lieberman and Demeester 1999) . In the recent past, firms have begun to understand the need for efficient inventory management, not just at firm level, but across the entire supply chain to reap the full benefits. The popularity of concepts like the bullwhip effect and the rigorous measures being taken to reduce the bullwhip effect across the supply chain stem from this understanding (Cachon and Fisher 2000; Crosson and Donohue, 2006) . In discrete industries like the automobiles, where the cost of raw material accounts for almost 50-60% of the cost of the final product, inventory levels can have a significant impact on firm profitability.
Consequently, the automobile industry presents a perfect opportunity to study the impact of inventory on firm performance at various levels not only due to the widespread diffusion of best practices like JIT, lean, kanban etc. in this industry but also due to its tiered structure involving multiple channel partners. There have been many studies, both empirical and case based, focused on automobile industries from the developed economies such as the US, Europe and Japan (Womack et al 1990, Lieberman and Asaba 1997, Lieberman and Demeester 1999) that explore the causal relations between inventory and performance at firm level. However, there is very little empirical work that investigates the percolation of best practices across the automotive supply chain through inventory related links amongst various tiers.
One of the few studies that comes closest to addressing this issue is the empirical study of 52 Japanese automotive firms by Lieberman and Demeester (1999) that includes all auto assemblers and 41 first tier part suppliers, and finds that inventory reduction served as an important driver of process improvement and stimulated productivity gains for many of these sample firms. These findings in fact are expected, since it studies Japanese automobile industry, including Toyota and its suppliers, which is the pioneer of JIT and lean manufacturing. A prior study (Lieberman and Asaba 1997) , which compares the Japanese and US auto industries, also finds significant inventory reductions and corresponding productivity gains for Japanese automakers and suppliers alike, however finds that while the US automakers have made substantial inventory reductions and enjoyed subsequent gains in productivity since the 1980s, the US automotive suppliers have stagnated along both these dimensions.
In the recent times, a significant share of global manufacturing, including the automobile industry, is being shifted gradually to the low cost locations, starting with the regional tie-ups with MERCOSUR, East European and ASEAN countries in the early 1980s to the recent outsourcing and establishment of marketing and production facilities in emerging economies such as China and India (Humphrey and Memedovic 2003) . Many multinational automakers and their Tier 1 suppliers have established operations in India owing both to its market potential and low cost supplier base (Saranga, 2008) . The Indian automobile industry subsequently, is touted to become the global hub for small car manufacturing, encouraged by the recent launch of the world's cheapest car (Tata Nano, costing $2,500) by a domestic automaker and subsequent plans by other automakers to make India as a base for small car production 1 . In this context, it is interesting to determine to what extent the global best practices such as the inventory reductions and the corresponding performance improvements have diffused into the Indian automobile industry, especially being a mixed economy with both private and public sector presence but under the protected regime until recently. India also presents a contrasting example to study due to its slow paced liberalization where despite the entry of Japanese automaker in the form of Suzuki during the partially liberalized era of 1983 -1991, there was no pressure for change on the domestic firms since competition was minimum with a captive customer base; as against the case of the US and Western Europe, where the domestic automakers and the component suppliers were forced to adopt lean practices owing to the tremendous competition presented by the entry of Japanese automakers.
In the current empirical study we investigate the aggregate trends in inventory holdings and their impact on firm performance in the Indian auto industry. In order to capture the most appropriate phase of Indian economic liberalization which began in earnest in 1991, we use inventory data pertaining to the period 1992-2005. The findings indicate that there was significant reduction in inventory levels across the three tiers of the industry, viz., automakers (Tier 0), Tier 1 and Tier 2 suppliers. A subsequent decomposition of inventory into raw materials (RM), work in progress (WIP) and finished goods inventory (FGI) shows that all three components of inventory have reduced significantly across three tiers, except for Tier 2 which experienced an increase in FGI. The results are found to be robust when tested with more advanced econometric models and addition of macro level and firm specific control variables.
The rest of the paper is organized as follows. In section 2 we give a brief description of the Indian auto industry and develop the inventory trend hypotheses across tiers. In section 3 we describe the data and present the empirical methodologies. We discuss the results and their implications in section 4 and finally conclude in section 5.
The Inventory Trends in the Indian auto industry
The auto industry in India has been undergoing rapid changes in the postliberalization phase which began in 1991, with the entry of significant number of multinational automakers and many new auto models available in the market (Balakrishnan et. al. 2007) . A significant restructuring of the industry is taking place with the automakers, also known as the original equipment manufacturers (OEMs), looking to outsource as many components as possible on one hand and minimize the number of direct suppliers on the other hand. To meet the demands of OEMs the supplier industry in response is restructuring into distinct tiers following in the footsteps of the global auto component industry. There is already a clear distinction between a Tier 1, which supplies major assemblies and sub assemblies to the OEMs, a Tier 2 which supplies components to Tier 1 and an emerging Tier 3, which most often consists of very small players that carryout odd jobs like machining, welding and heat treatment of parts for Tier 2 (Okada, 2004) . There is some empirical and anecdotal evidence to suggest that quality and operations related global best The story is slightly different and more complicated for the FGI. While the industry is moving towards more customized products built to order that should reduce FGI, the mushrooming of a wide variety of models across the spectrum of automakers and increased competition is forcing the automakers to maintain higher FGI to increase the service levels. The higher buyer power of OEMs coupled with their insistence on JIT deliveries is expected to increase FGI levels at the Tier 1 end.
On the other hand many Tier 1 firms have setup facilities in vendor parks, close to the OEM assembly lines, and have been aggressively implementing lean production initiatives in order to produce just in time, which if succeeded should reduce the FGI.
Hence we posit our first set of hypotheses:
Hypothesis 1a: Average Inventory reduced significantly in the Indian auto industry, in OEM as well as the two supplier segments viz., Tier 1 and Tier 2. The most popular quality initiative adopted by many auto component firms in the early 90"s was the ISO 9000 quality certification, which was considered mandatory for auto component firms across the globe to get supply and export contracts from the OEMs (Corbett, 2006) . A firm seeking ISO 9000 certification needs to design procedures to ensure quality is constantly measured and appropriate corrective actions are taken whenever defects occur. These procedures instill a quality discipline in the certified firm and enable them to identify defects/mistakes at an early stage ( is even today considerably unorganized further hampering any efforts of upgrading by the Tier 1 (Kumaraswami et al, 2008 ).
Thus we expect the Tier 1 firms who seem to have implemented effective quality initiatives to be associated with greater reductions in WIP inventory levels than the other two tiers and posit our second hypothesis as follows:
Hypothesis 2: Tier 1 is more efficient in work in process (WIP) inventory management than Tier 0 and Tier 2.
3.
Data Description and Methodology
Dataset
We built our dataset on 58 firms in the auto components industry over a 14 year period beginning from 1992 by accessing a detailed India specific industry database Prowess, maintained by the Center for Monitoring Indian Economy (CMIE) 4 .
Prowess is a database of large and medium sized Indian firms containing detailed information on over 9,300 firms comprising all companies traded on India's major stock exchanges and several others including the central public sector enterprises. The Prowess database covers all listed companies and public limited companies in India, irrespective of their size. It provides detailed up-to-date information on each company for over ten years. The data includes a normalized database of the financials covering 1,500 data items and ratios for each firm. Data is collected by Prowess from annual reports that are publicly available in case of public limited companies. Data on market-share, stock price etc. is also collected for the listed companies from two stock exchanges in India, namely, the National Stock Exchange (NSE) and the Bombay Stock Exchange (BSE). Prowess also provides quantitative information on production, sales, consumption of raw material and energy.
One of the main limitations of the Prowess database is that it stores data on publicly traded companies and listed companies; hence the set of privately owned companies that are not listed in any of the stock exchanges are not in our sample.
Prowess also does not provide data on firms in the unorganized sector, which consists of very small firms that mainly cater to the spare part market. Since all our data comes from
Prowess database, our sample does not represent these sectors of the auto component industry. Under the "Transport Equipment" category for Indian Manufacturing firms, Prowess reports data on over 300 companies. However, this is not a complete listing with omissions for some variables as well as of firms in some years. Thus, we focus on a subset of 58 firms for which we have data on dimensions of interest for this study for Since the Indian auto industry is mainly concentrated in 3 specific regions of India, one in the North around Delhi/Gurgaon area; one in the West around Mumbai/Pune area and the third in the South, around Chennai/Bangalore/Sri Perumbudur/Coimbatore area (Kumaraswami et al, 2008) . Many earlier studies have explored the network externalities due to clustering effects in the Indian auto component industry (Okada, 2004; Parhi, 2005) . Using the location data from the Prowess database on of each sample unit, we have divided the full sample into three different clusters, viz., South cluster, North cluster and West cluster. Please see Table 10 in Appendix for corresponding share of each cluster in our sample. In order to control for any possible variation in inventory holdings in different clusters, we use cluster dummies in our empirical study. Another important classification we wanted to study is the tierization of the industry. However to our knowledge, there is neither a database nor any other data source that provides the tierization in the Indian auto industry.
Therefore we undertook a detailed study to categorize all the firms in the Prowess database into three different tiers, viz., Tier 0 (OEMs), Tier 1 and Tier 2. It is relatively easier to identify the Tier 0 firms from the publicly available data on automakers.
However, the categorization of component firms into Tier 1 and Tier 2 is not that straight forward, since many component firms supply to both OEMs and Tier 1s.
In the global auto industry, a firm that supplies directly to the OEMs is considered as Tier 1, while a firm that supplies to Tier 1 is considered Tier 2 and so on. We too carryout tierization of the Indian auto component firms based on this definition. For Tier 1 and Tier 2, we carried out the classification in two stages. In the first stage, we collected the data on the customer base of all component firms and classified the firms whose major share (60% or more) of the customer base constitutes Tier 0 (OEM) as Tier 1 (since some firms in the Indian context still supply to both OEMs as well as Tier 1s).
On the other hand if a majority of a firm"s customer base constitutes Tier 1 then it is classified as Tier 2. We also asked two industry experts (each one separately), with more than 15 years experience in the automobile industry to do the classification based on their knowledge of dealing with vendors. In the second stage, we compared our classification which was based on a firm"s customer base with the classifications of the two industry experts. Whenever there were discrepancies (which were very few) between the 3
classifications, we went with the classification that matched at least in 2 sets, otherwise went to a third industry expert for second opinion. This exercise resulted in classification of our sample of 58 firms into 13 Tier 0 firms (OEMs); 36 Tier 1 and 9 Tier 2 firms.
Since we are using a panel dataset consisting of 14 year time period, the size of the each sub sample is big enough for us to carryout the empirical tests. We report the descriptive statistics of the full sample and sub samples corresponding to each of the three tiers below. Table 1 provides descriptive statistics for our sample on key variables used in our analysis. While Table 1 presents data for the aggregate sample, Table 2, Table   3 and Table 4 to be exporting more than the OEMs, which is again in line with the statistics from industry reports 5 . Amongst the three tiers, the evidence from the descriptive statistics suggests that the Tier 1 seems to be outperforming others in terms of returns and profit margins. autocorrelated and correlated panels using nonparametric methods that are not sensitive to misspecification problems and are determined by the data itself. We use these Driscoll-Kraay corrected standard errors in our panel data models to ensure that our regression coefficients are consistent.
Results and Discussion
A cursory look at the average inventory levels over the years, as may be noted from Figure. 1 shows that inventory holding has been declining in the entire Indian Auto industry for the past decade and a half. The decline over this fourteen year period has been almost steady, except for in 1998 when inventory stocks went up across all manufacturing sectors due to the then ongoing economic slowdown due to the Asian financial crisis. The decline has not been perfectly linear but steady and halved by the end of the 1992-2005 period. Interestingly, the standard deviation has also declined over the same period to suggest that gains in inventory holding were distributed across the entire distribution of auto-component firms. The first quadrant in Figure 2 , which provides the average inventory trend across three tiers shows that there is fair degree of heterogeneity within the sample. While Tier 0
and Tier 1 firms show a declining trend that of Tier 2 is much more ambiguous. The change in Tier 2 inventory levels is non-linear with increasing and decreasing trends during various sub periods of the study period. One could in fact conjecture a bullwhip effect that might have magnified the 3-year stagnation in Tier 0 inventories followed by a slight increase in Tier 0 and Tier 1 inventories due to the Asian financial crisis of 1998
into a significant accumulation of inventories at Tier 2 for a prolonged period beyond 1998. However, this is beyond the scope of our current study and hence we do not divulge further into this conjecture. Note: *** p<0.01, ** p<0.05, * p<0.1 Here we use Driscoll-Kraay standard errors and these are reported below each coefficients. The asterisks are placed on the coefficients. Full is the entire sample while subsequent models are either restricted to a specific cluster or a specific tier.
As always a couple of concerns remain about the validity of inferences from pooled OLS models when the underlying data structure is a panel dataset. To guard against these we look at static panel versions of this regression equation, described in section 3.2, controlling for all possible firm level differences. We use fixed effects models for our specification because Hausman tests show systematic differences between the fixed effects regression coefficients and the random effects regression coefficients for all the major specifications we were interested in. The results corresponding to the fixed effects model with average inventory days as dependent variable are reported in Table 5 . As one may note from the results listed in the row corresponding to the year variable, we find strong support for our hypothesis 1a.
After controlling for all firm level factors, heteroscedasticity and auto correlation, we find there was a decline of close to 3 days of inventory per year during the 14 year study period for the full sample at 1% level of significance. The evidence also
indicates there was significant decline in average inventory in each of the three clusters, though at different rates. The tier-wise results however show both Tier 0
and Tier 1 enjoying significant decline in their inventory levels of 3.15 and 3.33 days per year (very strong support at 1% level), while Tier 2, though finds slight decline, does not find it significant. These findings are in fact in line with our conjectures that the best practices might not have percolated to Tier 2. Note: *** p<0.01, ** p<0.05, * p<0.1 Here we use Driscoll-Kraay standard errors and these are reported below each coefficients. The asterisks are placed on the coefficients. Full is the entire sample while subsequent models are either restricted to a specific cluster or a specific tier.
Next, we look at component-wise inventory trends in Tables 6-8 to test our hypothesis 1b. The results in Table 6 , corresponding to the year variable suggest that, a major share of the decline in average inventory of the full sample is in fact contributed by the decline in raw material inventory (2.81 days) at 1% level of significance. All three clusters as well as all three tiers seem to have reduced their raw material inventory levels significantly at 1% level, though at different rates. The results in Table 7 corresponding to the WIP inventory also indicate significant reductions for the full sample, however at a lower magnitude of 0.68 days. Since the average WIP days (from Table 1 ) is only 18.26, as against the average raw material days of 58.71, this relatively lower decline in WIP is nevertheless noteworthy and may have a greater impact on the efficiency and productivity levels of auto/component firms. Going further down the year row in Table 7 , we find that firms in all three clusters have reduced the WIP levels significantly at 1% level and so did the Tier 0 and Tier 1 firms. However, the Tier 2 seems to have failed in this aspect with very slight decline (0.04), which is not found to be significant. Note: *** p<0.01, ** p<0.05, * p<0.1 Here we use Driscoll-Kraay standard errors and these are reported below each coefficients. The asterisks are placed on the coefficients. Full is the entire sample while subsequent models are either restricted to a specific cluster or a specific tier.
Finally, we look at the trends in FGI levels from Table 8 In order to test our second hypothesis regarding the internal efficiencies of Tier 1 vis-à-vis other tiers, which enable them to enjoy comparatively higher reductions in WIP levels, we look at the results corresponding to WIP levels in Table   7 . As one may note, Tier 1 in fact has highest decline in WIP with a beta coefficient of -0. 85 that is significant at 1% level, while the Tier 0, although has a significant decline at 1% level too, has a coefficient of -0.37, which is less than half of Tier 1's coefficient. On the other hand, Tier 2, as noted earlier, has very little decline in WIP levels with a coefficient of -0.04 that is found to be statistically not significant at all.
Hence we do find strong support for our hypothesis 2, that Tier 1, through their effective TQM initiatives have in fact become more efficient in managing their internal processes and as a result managed to reduce the WIP inventories much more than both their customers (Tier 0) and suppliers (Tier 2). One would expect these internal efficiency gains to spillover and force significant reductions in their raw material and finished goods inventories as well. However the results in Tables 6   and 8 The next set of firm level controls we use are related to a firm"s working capital management, viz., average days of creditors (payables) and average days of debtors (receivables). We find both these variables are positively and significantly correlated to the average inventory levels and its components, with the exception of Tier 2, which has a negative and significant correlation between its WIP and debtor days, while other inventories are not found to be significant. The relationship is as expected for average creditor days, since the higher credit a firm receives from its suppliers, the more likely they are to keep higher inventories. However the findings are counterintuitive for average days of debtors, since firms that are giving higher days of debt are expected to offload their inventories to their customers and hence maintain lower inventory levels. The only possible explanation for such phenomenon is the disconnect between the payables and receivables in Indian firms coupled with their anxiousness to please the customers, resulting in inefficient management of their working capital cycle. The only segment that seems to be efficient in this respect is the Tier 2, which has a negative and significant correlation between average days of debtors and WIP inventories. With regard to Exports and Imports, we find mixed results which are mostly not statistically significant. The only highly significant result (at 1% level) corresponds to raw material inventory which is positively correlated to imports is as expected, since the transport costs would induce firms to import in bulk to benefit from scale economies.
Conclusions
The economic reforms brought in technology, foreign capital, new products and most importantly, the much needed competitiveness to the Indian manufacturing. Competition was essential to shatter the complacency of domestic firms and to remove slack that had accumulated over the years into their systems and processes. However, it was equally important to ensure that the domestic industry does not get completely annihilated by the highly sophisticated multinational adversaries, but become competitive through absorption of global best practices. To a certain extent the current empirical study of the Indian auto industry establishes that the gradual nature of Indian economic reforms with partial relaxation of trade restrictions and local content requirements etc. has in fact succeeded in supporting the domestic industry to become competitive and integrate it into the global supply chain. We find evidence that the slack in terms of excess inventories in the auto industry has come down significantly since the liberalization and adoption of global best practices have contributed to these efficiency gains. The empirical results also corroborate the anecdotal evidence that the Tier 1 firms have improved their internal processes significantly and hence are reaping benefits in terms of better inventory management and subsequent efficiency and productivity gains. However, the results also point out to the need to create a proper mechanism to diffuse these best practices into the lower tiers to garner the complete benefits of efficiencies through inventory management across the supply chain. 
